It has been known for some considerable time that sustained hypertension changes the circulatory architecture both in the heart and blood vessels. The histopathological alterations are of considerable interest because once they have developed they appear to carry an adverse prognostic risk.
Introduction
An early cross-sectional study of mild hypertension reported that the predominant hemodynamic feature was a high cardiac output [1] and this observation has been confirmed consistently since. Although not invariably so, the high cardiac output is accompanied by an increased heart rate and several studies have demonstrated that when oxygen consumption is measured, both cardiac output and this parameter are raised [2] . In the mild early stages of essential hypertension the peripheral resistance is low although the crucial point is that it remains appropriately high for the corresponding cardiac output. A 20-year longitudinal study of the haemodynamics of essential hypertension, confirmed the finding of initially increased cardiac index heart rate oxygen consumption and blood pressure with normal peripheral resistance [3] . [4, 5] . This combination of increased sympathetic discharge coupled to a reduced parasympathetic activity suggests that the abnormality in essential hypertension is one of integrated function in the medulla oblongata.
However, over this period the high cardiac index and normal total peripheral resistance pattern changes to a low cardiac index high resistance pattern. Again, the inappropriately high level of vascular resistance for the increase in cardiac output is a hallmark of early hypertension. Such a haemodynamic profile could be ascribed to a high sympathetic nervous tone with the resulting increased drive to the heart, peripheral circulation and metabolic receptors, which would then promote enhanced oxygen consumption. Other studies demonstrated that autonomic blockade of the heart in mild hypertensive patients restored cardiac output to normal and there was a combination of increased sympathetic tone and decreased parasympathetic activity in such individuals
Recent data have proposed that this might be a consequence of neurovascular compression on the left ventrolateral medulla. Therefore it should follow that the resulting increased sympathetic activity would be distributed to all innervated organs and vascular beds producing uniform vasoconstriction and the predicted cardiac indices. There is evidence for this in the heart, kidney and skeletal muscle but it has not been confirmed in studies of the hepatomesenteric circulation [6] . In other words, it is difficult to provide evidence for a ubiquitous abnormality of sympathetic function in all vascular beds although the overall integrated haemodynamic profile can be ascribed to increased sympathetic discharge. [7] and subsequently confirmed in segments of artery mounted as isometric ring preparations on wires and in vessels perfused in vitro [8] . Detailed histological analyses more recently carried out have suggested that eutrophic inward remodelling occurs at this point in the circulation (Fig. 1) . By this it is meant that there is a narrowing of the vascular lumen without having to invoke a growth response of the arterial wal1 [9] . A small amount of hypertrophy may be observed in some pathological states where hypertrophy may supervene and is an adverse prognostic sign [10] .
Structural changes in the circulation
The most compelling issue is whether structural changes in these small blood vessels occur before blood pressure rises 
Inward eutrophic remodelling is a relatively fast functional adaptation observed after prolonged vasoconstriction and is thought to be an energetically favoured mechanism to preserve a lumen diameter for long periods. The process is also the preferred physiological mechanism by which wall stress can be normalized while maintaining vasomotor tone. Studies of the well-characterized TGR (MREN2) 27 rat which develops fulminant hypertension from 4 weeks of age have demonstrated that eutrophic inward remodelling occurs from 4 weeks and is dependent on the integrin aV␤3, a multifunctional extracellular matrix receptor [17]. However, hypertrophy does begin to appear between 6 and 8 weeks of age. This is important and will be discussed below. The extracellular matrix of resistance arteries is subject to tensile force exerted by blood pressure, which is transferred through integrins across the cell membrane and linked by molecular complexes to the cytoskeleton. Specific integrin subtypes are utilized initially for the mechanotransduction of pressure. Using peptides and specific antibodies, it has been shown that integrins ␣V␤3 and ␣5␤1 indirectly regulate the myogenic response by influencing the control of calcium flow through ion channels; ␣5␤1 is responsible for the initial calcium influx required to establish vascular tone and ␣V␤3
mediates force maintenance by calcium sensitization of contractile components. These integrins can form complexes, which regulate cytoskeletal dynamics and maintain a vascular myogenic force at a given pressure (Fig. 2) [19] . It (Figs 3 and 4) [21] . Recent [10] 
In contrast to molecular signalling mechanisms behind the vascular myogenic response relatively few data are available on the role of integrins and the underlying biochemical pathways of the next stage of vascular adaptation for hypertension. That is, the migration of vascular smooth muscle cells towards a narrow lumen. Remodelling involves a migratory process following prolonged vasoconstriction whereby existing vascular smooth cells reposition themselves in the vascular wall and thereby produce a narrow lumen. A characteristic of migrating cells in vitro is the presence of lamealae podial and filopodial protrusions containing focal adhesion kinase which provide a substrate for other cytosolic proteins such as SrC and interact with actin-associated cytoplasmic components. Recently it has been shown that the migration of vascular smooth muscle cells of arteries in vivo is more subtle and limited to elongation of tape in smooth muscle cells and an increase in cellular overlap

Fig. 2 These figures show a percentage control diameter of isolated arterioles exposed to step increments and intraluminal pressure before and after abluminal treatment with a control antibody anti-rat major histocompatibility complex. Anti-␣5-integrin function blocking antibody or an anti-␤1-integrin function-blocking antibody, or anti-␤3-integrin function-blocking antibody. In both cases one can see the amelioration of the myogenic response in consequence implicating these two integrins in the control of myogenic tone (data taken from [17]).
Fig. 3 Event-free survival of patients who have undergone arteriola biopsy. Individuals with a medial lumen ration greater than the medium of 9.8% show a larger number of cardiovascular events compared with those with smaller wall thickening v (data from
